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Abstract 
Objective: To evaluate the effect of immersion and acid challenge with cola drink on color change (ΔE), 
Vickers hardness (VHN) and surface roughness (Ra) of artificial acrylic resin teeth. Material and Methods: 
The artificial teeth were divided into 6 groups (n= 8): TC (Trilux/Control), BC (Biotone/Control), TAC 
(Trilux/Acid challenge), BAC (Biotone/Acid challenge), TI (Trilux/Immersion) and BI 
(Biotone/Immersion). The teeth were embedded in acrylic resin and the labial side was serially polished to 
provide appropriate flat surface. The samples of TC, BC, TI, BI groups were immersed in artificial saliva 
and cola drink (coke) for 7 days, respectively. The acid challenge was performed with immersion of samples 
in coke for 5 min, and subsequently immersion in artificial saliva for 2h. This cycle was repeated at 4 
times/day, during 7 days. The tests of VHN, ΔE and Ra were analyzed before and after the challenge and 
immersion groups. Data was analyzed by ANOVA, Tukey and T test (α = 0.05). Results: There was no 
difference in Ra values between groups after treatments. However, there was a decrease in VHN for all 
groups. BI (19.2 ± 0.3) presented significantly lower hardness than BAC (19.5 ± 0.9) and BC (20.2 ± 0.5). 
Groups BI (2.18 ± 0.41) and TI (1.50 ± 0.43) had statistically higher ΔE compared to the other groups. 
Conclusion: The hardness of resin teeth decreased after acid challenges, but the roughness surface was not 
affected. The color was more affected by the times of exposure in cola beverage and remineralization in 
artificial saliva, which were associated to the material degradation. 
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Introduction 
The treatment of partial or total removable dentures is still one of the most accomplished treatments 
for oral rehabilitation [1]. The longevity of dental prosthesis varies between 10 and 20 years, given that in the 
first 10 years it is possible to find wear in about 50% of the prosthetic structure [2]. Among the structures of 
dental prosthesis, it was demonstrated that the wear resistance of the artificial teeth is directly related to the 
prosthesis useful time [3]. Thus, the evaluation of the artificial teeth physical properties is extremely 
important for clinical practice, in order to predict their durability and interference in the aesthetics of the 
prosthesis [4,5]. 
The acrylic resin artificial teeth are widely used in dentures due to the easy occlusal adjustment, lower 
fractures propensity compared to ceramic, excellent chemical bonding with the base of the prosthesis and 
adequate absorption of masticatory forces [4,6-8]. 
During the clinical use, the acrylic artificial teeth are exposed to saliva, cleaning agents and beverages, 
which favors the chemical absorption and adsorption processes [7]. In this context, acidic beverages deserve 
special attention since their consumption can contribute to the development of corrosion in artificial teeth [9]. 
Corrosion in the oral cavity is considered the chronic loss of mineralized dental tissues and chemical 
attack of dental materials structure due to the chemical degradation of the surface by acid agents or chelating 
agents, without bacterial involvement [10,11]. The effect of beverages on the artificial teeth may change the 
hardness and the roughness surface and interfere on the accumulation of biofilm and on the optical properties 
of the material, affecting the quality of the prothesis over years [7,9,12,13]. However, the type of acid 
beverage, the exposure time and the corrosive challenge with the beverage can affect differently the physical 
properties of acrylic resin teeth surface [4,7-9]. 
Thus, the present in vitro study aimed to evaluate the effect of immersion and acid challenge with cola 
drink on color change (ΔE), Vickers hardness (VHN) and surface roughness (Ra) of artificial acrylic resin teeth. 
The null hypothesis tested is that there is no change in the color stability, hardness and roughness of acrylic 
resin teeth after different treatments on acidic beverage. 
 
Material and Methods 
Specimens Preparation 
Forty-eight maxillary central incisors of two trademarks were investigated: Trilux, color A3 (vipi 
Produtos Odontológicos, Pirassununga, SP, Brazil) and Biotone IPN, color A3 (Dentsply Ind. Com. Ltda. 
Petrópolis, RJ, Brazil). Maxillary incisors were chosen to provide a sufficient labial area for hardness and 
roughness tests. The teeth were embedded in acrylic resin and the labial side was serially polished to provide 
appropriate flat surface areas with 400, 600, 1200 grit silicon carbide abrasive paper coupled to a 
metallographic polisher, model APL-2 (Arotec S.A. Ind. e Com., Cotia, SP, Brazil) under permanent water 
cooling. The specimens were then stored in containers of distilled water at 37oC for 24 h and subsequently 
subjected to initial color, roughness and hardness surface measurements. 
Six groups were formed (n = 8) according to the type of artificial tooth and the acid challenge 
(treatment), as follows: TC (Trilux and control immersion); BC (Biotone and control immersion); TAC (Trilux 
and acid challenge); BAC (Biotone and acid challenge); TI (Trilux and acid immersion) and BI (Biotone and 
acid immersion). 
 
Acid Challenge and Immersion of Specimens 
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The specimens of control groups (TC and BC) were immersed in artificial saliva for 7 days. The 
artificial saliva was created according to a previous study [14] and renewed every day. The specimens of 
immersion groups (TI and BI) were immersed in a cola drink (pH 2.3, Coca-Cola Brasil, Rio de Janeiro, RJ, 
Brazil), using individual containers (10 mL/specimen) at room temperature for 7 days, and the beverage was 
renewed every day.  
The specimens of acid challenge (TAC and BAC) were immersed in a cola drink, pH 2.3 (Coca-Cola 
Brasil, Rio de Janeiro, RJ, Brazil), using individual containers (10 mL/specimen) at room temperature, for 5 
min, subsequently, the specimens were rinsed thoroughly with distilled water and immersed in artificial saliva, 
at a pH of 7.0 (10 mL/block) at room temperature for 2h, this cycle was repeated at 4 times/day [15,16]. After 
the last cycle, samples were rinsed with distilled water and immersed in artificial saliva until completing 24 
hours [16]. This corrosive challenge was repeated for 7 days. The cola drink and the artificial saliva were 
changed after every cycle (5 min in cola drink and 2h in artificial saliva). During the acidic cycles, the samples 
were kept in hermetically sealed containers to prevent the loss of carbonation from the cola drink. At the end of 
the acid challenge and immersions, the specimens were ultrasonically washed for 10 min and dried with 
absorbent paper. 
 
Color Variation, Roughness and Hardness Measurements 
The analysis of color variation, roughness and hardness surface was performed before and after each 
treatment. The variation of color was determined with the spectrophotometer (Spectrophotometer Easyshade, 
VITA Zahnfabrik, BadSäckingen, Germany) according to the Commission Internationale de l’Eclairage (CIE) 
L*a*b* system. This consists of two axes, a* and b*, that have right angles and represent the dimension of 
tonality or color. The third axis is luminosity L*. This is perpendicular to the plane a* b*. For color readouts, 
the test specimens were dried with absorbent paper, and placed on a standard white background. All 
measurements were repeated twice and the mean for the L*, a*, and b* values was calculated. The variation of 
color on each specimen was determined by the calculation of ΔE, using the following formula: ΔE* = {(ΔL*)2+(Δa*)2+(Δb*)2}1/2, where ΔL* = L*f − L*i, Δa* = a*f − a*i and Δb* = b*f − b*i; 
where L* i, a* i and b* i are referred to as the initial color measurement and L*f, a*f and b*f as the final color 
measurement. Values of ΔE ≥ 3.3 were considered clinically unacceptable [17]. 
For the roughness test, the specimens were fitted to the surface roughness-measuring instrument 
(TR200, Digimess Instrumentos de Precisão Ltda., São Paulo, SP, Brazil) with a cutoff of 0.8 mm and speed of 
0.5 mm/s, adding up to a measurement path of 2.4 mm [12,13]. In each specimen, three successive 
measurements in the central area of teeth labial surface (in different directions) were obtained by the same 
examiner, and the mean surface roughness values (Ra) were obtained and expressed in micrometers. 
The microhardness measurements were performed with a hardness tester (HMV II; Shimadzu 
Corporation, Kyoto, Japan) using a Vickers indenter (VHN) and a load of 100 g with a dwell time of 10 s 
[12,13]. Five indentations were made in the labial area of each specimen, at least 100 µm apart, and the mean 
VHN value was obtained. 
 
Statistical Analysis 
Data analysis was performed with the GraphPad Instat computer program, version 2.0 (GraphPad 
Software, CA, USA), at a level of significance of α=0.05. Because all of the variables tested satisfied the 
assumptions of normal distribution, one-way ANOVA and Tukey’s test were performed for statistical 
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comparisons of Ra, VHN and variation of color values among the acid challenges. The paired t-test was used to 
compare Ra, VHN and variation of color values before and after the acid challenges for the same artificial teeth. 
The unpaired t-test was used to compare Ra, VHN and variation of color values between artificial teeth in each 
acid challenge. 
 
Results 
The Table 1 shows the results regarding the analysis of the color variation (ΔE) after treatments. 
There was a significant increase of ΔE only for Biotone acid immersion group (BI) (2.18 ± 0.41) (p=0.001). For 
BAC and BC groups there was no significant difference (p=0.07). Similarly, in the comparison between teeth 
groups (B and T) for each treatment, there was a significant difference of ΔE only in acid immersion, and BI 
group showed higher ΔE (2.18 ± 0.41) compared to TI group (1.50 ± 0.43) (p=0.001). 
For VHN results, there was no difference among treatments for both artificial teeth groups in each 
experimental period (initial or after treatments) (p=0.07) (Table 2). However, there was significant reduction of 
VHN values after treatments for Biotone and Trilux groups, regardless of the treatment (acid challenge, acid 
immersion or control) (p=0.001). There was no significant difference for VHN values between the artificial 
teeth materials (B and T) in eachtreatment (p=0.08). Similarly, there was no significant difference for Ra values 
between artificial teeth tested (p= 0.09) and among treatments performed (p=0.08) (Table 3). 
 
Table 1. Mean values of color variation of artificial teeth, obtained from the formula ∆E= 
(ΔE*={(ΔL*)2+(Δa*)2+(Δb*)2}1/2), according to the acid treatments. 
Color Variation (∆E) 
Groups Acid Challenge Acid Immersion Control Immersion 
 Mean (SD) Mean (SD) Mean (SD) 
Biotone (B) 1.14 ± 0.36A,a† 2.18 ± 0.41B,a 1.34 ± 0.63A,a 
Trilux (T) 1.40 ± 0.49A,a 1.50 ± 0.43A,b 1.32 ± 0.63A,a 
†Same uppercase letters represent values without significant statistical difference among treatments for each artificial tooth (p> 0.05 by 
ANOVA and Tukey-tests). Same lowercase letters represent values without significant statistical difference between artificial teeth in each 
treatment (p> 0.05 by unpaired T-test). 
 
Table 2. Mean of Vickers hardness (VHN) values of artificial teeth according to the acid treatments 
and experimental period. 
 
VHN Initial VHN After Treatments 
Groups Acid Challenge Acid Immersion Control Acid Challenge Acid Immersion Control 
 Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 
Biotone (B) 22.9 ± 0.5A,a† 21.8 ± 0.6A,a 22.9 ± 1.0A,a 19.5 ± 0.9A,b 19.2 ± 0.3A,b 20.2 ± 0.5A,b 
Trilux (T) 21.4 ± 1.2A,a 20.8 ± 0.6A,a 21.1 ± 0.7A,a 19.6 ± 1.1A,b 18.7 ± 0.7A,b 19.2 ± 0.6A,b 
†Same uppercase letters represent values without significant statistical difference among treatments for each artificial tooth in each 
experimental period (initial or after treatments) (p>0.05 by ANOVA and Tukey-tests). Same lowercase letters represent values without 
significant statistical difference in each treatment for each artificial tooth before and after acid challenges (p>0.05 by paired t-test). 
 
Table 3. Mean of roughness surface values (Ra) of artificial teeth according to the acid treatments and 
experimental period. 
 
Ra Initial (in micrometers) Ra After Treatment (in micrometers) 
Groups Acid Challenge Acid Immersion Control Acid Challenge Acid Immersion Control 
 Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)  
Biotone (B) 0.06 ± 0.01A,a† 0.07 ± 0.01A,a 0.07 ± 0.01A,a 0.06 ± 0.01A,a 0.07 ± 0.01A,a 0.06 ± 0.01A,a 
Trilux (T) 0.09 ± 0.02A,a 0.08 ± 0.01A,a 0.09 ± 0.02A,a 0.07 ± 0.01A,a 0.07 ± 0.01A,a 0.09 ± 0.02A,a 
†Same uppercase letters represent values without significant statistical difference among treatments for each artificial tooth in each 
experimental acid period (before or after challenges) (p>0.05 by ANOVA and Tukey-tests). Same lowercase letters represent values 
without significant statistical difference in each treatment for each artificial tooth before and after acid challenges (p>0.05 by paired t-test). 
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Discussion 
This study evaluated the influence of corrosive treatments on color stability, Vickers hardness and 
surface roughness of artificial teeth. The null hypothesis was partially rejected because the color stability and 
hardness were influenced by acid treatments and immersion time in both acrylic resin teeth tested. 
The color change of artificial teeth may be caused by intrinsic factors associated with chemical 
changes in the composition of the material, such as the difference between the type of inorganic material used; 
and extrinsic factors, which are related to the surface properties of the material and the environment in which 
it is inserted [6,18]. The cola-based drink is one of the extrinsic factors that may have an effect on the 
structure and the color of acrylic teeth [19], mainly because it damages the surface integrity of the material 
due to extremely low pH [19,20]. In addition, the cola-based drinks contain caramel colors addictive, which is 
dark and may have a greater tendency to staining [20]. In the present study, cola drink was used in the acid 
challenges due to its high consumption by the population and because it has high erosive potential caused by 
its low pH and low concentration of calcium and fluoride [21]. 
The color stability in artificial denture teeth has already been evaluated in other studies [6,9,18] when 
immersed in different acid solutions. The immersion in cola drink promoted color change in artificial teeth and 
was dependent of the artificial teeth composition and the time of immersion in the beverage [6]. 
In the present study, there was higher color change for the Biotone group in the immersion treatment 
(BI) compared to the other treatments (BAC and BC) (Table 1), showing that the color change of artificial teeth 
is proportional to the immersion time in beverage. In the immersion group the samples remained more time in 
contact with cola drink compared to the acid challenge group, corroborating with previous studies [4]. 
Additionally, the Biotone immersion group (BI) showed higher color variation compared to the Trilux 
immersion group (TI) (Table 1). The distinct layers of acrylic artificial teeth are affected in different degrees of 
intensity according to the immersion solutions, with modifications in the resin interstitial matrix [22]. The 
color determination can be influenced by the color, clarity and surface thickness of the material; and when the 
thickness of the material increases, the luminosity of the acrylic resin becomes smaller [23]. 
The most significant color change of BI compared to TI group may be related to the greater thickness 
in the transversal sections of Biotone teeth, promoting lower translucency [24]. In addition, the color stability 
of TI group may be related to the lower presence of reagents in its composition, such as benzoyl peroxide, 
which after chemical cure reaction remains on the surface and generates deterioration of color [25]. Trilux 
teeth are composed of cross-linked polymethylmethacrylate (PMMA) chains with high molecular weight, 
combined with the double cross-linking system (DCL) [7] and three layers acrylic teeth (incisal, cervical and 
dentin), according to the manufacturer. These factors favor the crosslinking quality of polymer chains, 
improving its mechanical properties and reducing the tendency to form pre-cracks under masticatory stresses 
and the solubility in organic solvents [26]. Biotone artificial teeth are also composed by PMMA chains, but 
they have low molecular weight [8] and two layers of acrylic teeth (body and enamel), according to the 
manufacturer. This composition of Biotone group can also have contributed to low color stability, as also found 
in other study [18]. However, despite of the color variation obtained for both artificial teeth groups in the 
present study, the values found were lower than 3.3 and are clinically acceptable [17]. 
After treatments, there was significant reduction of VHN values for both artificial teeth, regardless of 
cola drink or artificial saliva immersion or challenge. Similar results were found in other studies [7,27,28], in 
which the hardness of the acrylic resin teeth was reduced after immersion in water. The acrylic polymers can 
absorb water that acts as a plasticizer and reduces the hardness of the material through the formation of 
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microcracks caused by the absorption/adsorption process [29]. The hydrolytic degradation of the acrylic resin 
may lead to a gradual deterioration of the polymer structure over time, influencing its mechanical properties, 
dimensional stability and biocompatibility [29]. In this context, the plasticizing effect and the hydrolytic 
degradation may be related to the reduction of VHN values of acrylic teeth in the present study, regardless of 
the solution immersion and the composition of acrylic artificial teeth. 
The surface roughness (Ra) of artificial teeth was more related to the microbial adhesion [13]. The 
smoother surface of denture teeth will result in highest longevity of prosthesis due to less microbial 
colonization [30]. However, in the literature, there are few reports that evaluated the surface roughness of 
acrylic teeth after corrosive challenge and immersion in acidic beverages. The present study showed that there 
was no significant difference for Ra values after acid treatments (Table 3). Similarly, other study [7] did not 
find alteration on roughness surface of artificial acrylic teeth after 15 and 30 days of immersion in acidic 
beverages. These results indicate that the effects of longer exposure times to acidic beverages on the surface 
roughness of acrylic artificial teeth should be further investigated. Additionally, a previous study [8] evaluated 
the roughness surface of artificial acrylic resin teeth before and after soaking in cola drink. There was only 
difference in Ra values where the abrasion by toothbrushing was performed before the immersion in cola drink. 
Thus, the toothbrushing may have acted as an abrasive factor on acrylic teeth surface, making them less 
irregular and influencing the surface roughness [8,30]. 
Despite the limitations of an in vitro study, the present results showed that the surface properties of 
acrylic resin artificial teeth, especially hardness and color surface, can be modified by the exposure of acid 
beverages. The immersion in cola drink caused higher color alteration than acid challenge, demonstrating that 
the exposure time of artificial teeth in acidic beverage and the time of remineralization in artificial saliva 
affected the color of the material. However, these results should be carefully evaluated, because in the oral 
cavity the artificial teeth are influenced by other factors that could interfere in their degradation, such as the 
presence of saliva, chemical and mechanical methods of cleaning the prosthesis, contact with opposing teeth 
and food, the presence of parafunctional habits and the different frequencies of intake of acidic foods among 
individuals. Thus, future in vitro and in vivo studies need to be conducted to evaluate these variables and the 
effect of acidic beverages on the properties of artificial teeth. 
 
Conclusion 
The hardness of acrylic resin teeth decreased after the acid challenges for 7 days, but the roughness 
surface was not changed. The color of resin teeth was more affected by the time of exposure in cola beverage 
and the time of remineralization in artificial saliva (continuous immersion), which were considered important 
factors associated to the material degradation surface. 
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